Introduction
! Endoscopic retrograde cholangiopancreatography (ERCP) has become almost exclusively a therapeutic procedure. Of all the currently performed gastrointestinal endoscopic procedures it carries the highest complication rate. Complications of ERCP include pancreatitis, bleeding, cholangitis, cholecystitis, and perforation. Of these complications, post-ERCP pancreatitis (PEP) is the most frequent. It is most often clinically mild or moderate in severity but in about 10 % of cases it is severe and potentially fatal. Patient-related and procedure-related risk factors for PEP are well defined. Recently, effective measures to prevent PEP have been identified, and include improvement in cannulation techniques as well as pharmacological and instrumental interventions. The aim of the guideline is to provide a framework to caregivers to implement available methods to minimize the incidence and severity of PEP. The recommendations are not designed to be rigid and cannot replace clinical judgment.
Methods

!
The European Society of Gastrointestinal Endoscopy (ESGE) commissioned this guideline which was then endorsed by its Governing Board. The method used to formulate the guideline is summarized as follows. In 2009 a preliminary literature search was performed by the corresponding author. Original papers were identified by a search of PubMed/MEDLINE, The Cochrane Library, Embase, and the internet, with search terms "ERCP" and "pancreatitis." Articles were first selected by title. Their relevance was then confirmed by review of the corresponding abstract. Publications in non-English languages and those whose content was considered irrelevant were excluded. This initial search focused on fully published prospective studies, particularly randomized controlled trials (RCTs), though retrospective analyses and case series were also included if they addressed topics not covered in the prospective studies. Additional articles were identified by manually searching the reference lists of retrieved papers. A summary of the search findings was presented to the ESGE Governing Board. The commissioned authors met three times and subsequently developed the guideline and incorporated recommendations from the members of the Governing Board. In November 2009, the final draft was sent to all individual ESGE members. After incorporation of comments made by the individual ESGE members, the manuscript was then sent to the Editorial Board of the journal Endoscopy for critique and international peer review. The final wording of the guideline document was agreed upon by all of the authors.
Categories of evidence
The strength of the evidence used in this guideline was that recommended by the Scottish Intercollegiate Guidelines Network [1] . The ratings of levels of evidence are summarized below:
Pancreatitis is the most common complication of endoscopic retrograde cholangiopancreatography (ERCP). Risk factors for post-ERCP pancreatitis (PEP) are both patient-related and procedurerelated. Identification of patients at high risk for PEP is important in order to target prophylactic measures. Prevention of PEP includes administration of nonsteroidal inflammatory drugs (NSAIDs), use of specific cannulation techniques, and placement of temporary pancreatic stents. The aim of this guideline commissioned by the European Society of Gastrointestinal Endoscopy (ESGE) is to provide practical, graded, recommendations for the prevention of PEP.
1++ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias 1+ Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias 1-Meta-analyses, systematic reviews, or RCTs with a high risk of bias 2++ High quality systematic reviews of case-control or cohort studies; high quality case-control or cohort studies with a very low risk of confounding, bias, or chance, and a high probability that the relationship is causal 2+ Well-conducted case-control or cohort studies with a low risk of confounding, bias, or chance, and a moderate probability that the relationship is causal 2-Case-control or cohort studies with a high risk of confounding, bias, or chance and a significant risk that the relationship is not causal 3 Non-analytic studies, e. g. case reports, case series 4 Expert opinion.
Grading of recommendations
Recommendations were based on the level of evidence presented in support and were graded accordingly [1] . This grading is summarized below: A At least one meta-analysis, systematic review, or RCT rated as 1++ and directly applicable to the target population; or a systematic review of RCTs; or a body of evidence consisting principally of studies rated as 1+ directly applicable to the target population and demonstrating overall consistency of results B A body of evidence including studies rated as 2++ directly applicable to the target population and demonstrating overall consistency of results; or extrapolated evidence from studies rated as 1++ or 1+ C A body of evidence including studies rated as 2+ directly applicable to the target population and demonstrating overall consistency of results; or extrapolated evidence from studies rated as 2++ D Evidence level 3 or 4; or extrapolated evidence from studies rated as 2+. For interventions analyzed in a single study, no recommendation was made.
Summary of statements and recommendations
! " Pancreatitis is the most frequent complication after ERCP with an incidence of 3.5 % in unselected patients; it is of mild or moderate severity in approximately 90 % of cases. Independent patient-related and procedure-related risk factors for PEP are listed in • " Table 1 . Risk factors synergistically increase the risk of PEP (Evidence level 1+). " There is no evidence that hospital ERCP volume has an influence on the incidence of PEP; data about a potential relationship between PEP incidence and endoscopist case volume are conflicting. Low annual case volumes, of endoscopists and centers, are associated with higher ERCP failure rates (Evidence level 2+). " Serum amylase values less than 1.5 times the upper limit of normal (ULN), obtained at 2 -4 hours post-ERCP, almost exclude PEP; values more than 3 or 5 times the ULN at 4 -6 hours post-ERCP have increasing positive predictive values for PEP (Evidence level 2+). It is recommended that serum amylase be determined in patients to be discharged on the day of ERCP; patients with amylase values less than 1.5 times ULN can be discharged without concern about risk of PEP (Recommendation grade B). " Nonsteroidal anti-inflammatory drugs (NSAIDs) reduce the incidence of PEP; effective PEP prophylaxis has only been demonstrated using 100 mg of diclofenac or indomethacin administered rectally (Evidence level 1++). Routine rectal administration of 100 mg of diclofenac or indomethacin, immediately before or after ERCP, is recommended (Recommendation grade A). " Nitroglycerin reduces the incidence of PEP; however, when administered transdermally, it is ineffective (Evidence level 1++).
Side effects such as transient hypotension and headache may occur. We do not recommend the routine use of nitroglycerin for prophylaxis of PEP (Recommendation grade A). " Cephtazidime reduced the incidence of PEP in a single study (Evidence level 1-). Further data are needed before recommending cephtazidime for the prophylaxis of PEP (Recommendation grade C). " Based on an ad hoc meta-analysis of results from 10 high quality RCTs, somatostatin proved to be ineffective in preventing PEP (Evidence level 1++). We do not recommend universal administration of prophylactic somatostatin in average-risk patients undergoing ERCP (Recommendation grade A). Administration of somatostatin might be more efficacious using specific dose schedules, but caution is needed when interpreting the results of subgroup analyses as they often exaggerate differences between treatments in RCTs. " Octreotide administration did not affect the overall incidence of PEP when data from eight high quality trials were pooled (Evidence level 1++). Prophylaxis with octreotide is not recommended (Recommendation grade A). In future studies the efficacy of prophylactic administration of octreotide should be evaluated using a dose greater than or equal to 0.5 mg. " Prophylaxis with gabexate or ulinastatin does not reduce the incidence of PEP (Evidence level 1++). Neither drug is recommended for prophylaxis of PEP (Recommendation grade A). " There is no evidence that glucocorticoids, drugs reducing sphincter of Oddi pressure (other than nitroglycerin), antioxidants, heparin, interleukin-10, or some anti-inflammatory drugs (other than diclofenac and indomethacin), such as pentoxifylline, semapimod and the recombinant platelet-activating factor acetylhydrolase reduce the incidence of PEP (Evidence levels from 1-to 1++). None of these drugs is recommended for PEP prophylaxis (Recommendation grade A). " There is no evidence that the incidence of PEP is influenced by patient position during ERCP (Evidence level 2++). Therefore, no recommendation is made regarding patient position. " Trauma resulting from repeated attempts at biliary cannulation has been proven to be a risk factor for the development of PEP (Evidence level 2++). The number of cannulation attempts should be minimized (Recommendation grade B). " Injection of contrast medium into the pancreatic duct is an independent predictor of PEP (Evidence level 1+). If pancreatic duct injection occurs incidentally or is required, the number of injections and volume of contrast medium injected into the pancreatic duct should be kept as low as possible (Recommendation grade B). " Compared with traditional, high-osmolality contrast agents, low-osmolality contrast agents are costlier but are not associated with reduction in the rates of PEP (Evidence level 1-). The routine use of these agents for ERCP is not recommended (Recommendation grade B).
" Use of carbon dioxide (CO2) as a replacement for air for luminal insufflation during ERCP does not influence the incidence of PEP but decreases the incidence and severity of post-procedural abdominal pain (Evidence level 1+). Carbon dioxide is recommended for insufflation, and might be particularly useful for outpatient ERCPs, to reduce post-procedural abdominal pain and to avoid confusion with PEP (Recommendation grade B [10] . For likely risk factors, adjusted odds ratios are reproduced from included studies that identified the characteristic as an independent risk factor, while pooled incidences were calculated using figures available in all of the included studies that provided sufficient data for calculation (see text for details about included studies) [2, 11 -14] . † "High" (vs. low) number of cannulation attempts was defined as number of attempts before final cannulation of the desired duct, and was > 5 or > 1, depending on the studies.
tion port, has been shown to increase the risk of PEP compared with modified water perfusion catheters (Evidence level 2++).
Pancreatic sphincter of Oddi manometry should be done using a modified triple-lumen perfusion catheter with simultaneous aspiration or a microtransducer catheter (non-water-perfused) (Recommendation grade B). " Prophylactic pancreatic stent placement is recommended to prevent PEP in patients who are at high risk for development of PEP. Short 5-Fr diameter plastic pancreatic stents are currently recommended. Passage of the stent from the pancreatic duct should be evaluated within 5 to 10 days of placement and retained stents should be promptly removed endoscopically (Evidence level 1+; Recommendation grade A).
Definitions
!
The consensus definition of ERCP complications as proposed by Cotton et al. has allowed standardized reporting of the incidence and severity of PEP [2] . PEP was originally defined as "clinical pancreatitis with amylase at least three times normal at more than 24 hours after the procedure, requiring hospital admission or a prolongation of planned admission." Some variations exist across studies in the interpretation of "clinical pancreatitis," and this has been defined by some as "new or worsened abdominal pain" [2] , "typical pain and symptoms" [3] , or "abdominal pain and tenderness" [4] . The definition used by Freeman et al. (new or worsened abdominal pain) takes into account patients who undergo ERCP in the setting of acute pancreatitis or a flare of chronic pancreatitis [2] . The current grading system for the severity of PEP is mainly based on the length of hospitalization: mild PEP is defined as need for hospital admission or prolongation of planned admission up to 3 days; moderate PEP is defined by need for hospitalization of 4 -10 days, and severe PEP by hospitalization for more than 10 days, or hemorrhagic pancreatitis, phlegmon (now referred to as pancreatic necrosis), or pseudocyst, or need for percutaneous drainage or surgical intervention [5] . Although the current classification system allows the severity of pancreatitis to be determined in retrospective studies, we recommend that more specific grading systems of pancreatitis severity (e. g. the Atlanta Classification System) be used in future prospective studies [6] . In the absence of chronic pancreatitis, an elevated serum amylase is frequently seen 24 hours after ERCP (53 % in a prospective study). Abdominal pain in the absence of PEP occurred in 62 % of cases in an RCT when air, rather than carbon dioxide, was used for luminal insufflation during ERCP [7, 8] . Therefore, a standard threshold level for serum amylase (three times the upper limit of normal [ULN] values 24 hours post-ERCP) and clinical examination of patients by an evaluator blinded to the allocated treatment group are important in RCTs that assess the effectiveness of interventions to prevent PEP.
Incidence, risk factors, and severity of PEP
! " Pancreatitis is the most frequent complication after ERCP with an incidence of 3.5 % in unselected patients; it is of mild or moderate severity in approximately 90 % of cases. Independent patient-related and procedure-related risk factors for PEP are listed in • " Table 1 . Risk factors synergistically increase the risk of PEP (Evidence level 1+).
Based on a systematic review of 21 prospective studies involving more than 16 000 patients [9] , PEP was found to be the most frequent complication following ERCP with an incidence of 3.47 % (95 % confidence interval [CI], 3.19 % -3.75 %). As defined previously, PEP can be mild, moderate, or severe. Based upon data from studies that have included unselected patients, PEP is mild in 45 %, moderate in 44 %, and severe in 11 % of cases, and causes death in 3 % of cases (95 %CI, 1.65 % -4.51 %). Stratification of patients into low-risk or high-risk categories for PEP is important in order to provide adequate pre-procedure information to the patient and in deciding when to consider patient referral to a tertiary center.
Based on a large meta-analysis [10] , three patient-related and two procedure-related characteristics are considered definite independent risk factors for PEP (• " Table 1 ). Known or suspected sphincter of Oddi dysfunction (SOD) presents the strongest association, with an incidence of PEP close to 10 %. As only five potential risk factors for PEP were analyzed in that meta-analysis, we also reviewed prospective, multicenter studies that analyzed potential risk factors for PEP using multivariate analysis. Five studies were selected that involved 13 745 patients in total [2, 11 -14] . Patient-related and procedure-related characteristics independently associated with PEP in at least one of these studies are reported as likely risk factors in• " Table 1 ("pancreatic injection" corresponded to ≥ 1 injection and, depending on studies, a "high number of cannulation attempts" to more than five or more than one attempts before cannulation of the desired ducts). The risk factors presented in • " Table 1 are not exhaustive because not all potential risk factors have been analyzed. For example, ampullectomy is generally considered to be a definitive risk factor for PEP on the basis of several small prospective studies [15, 16] . As risk factors for PEP were shown to be independent by multivariate analysis, they might have a cumulative effect. Freeman et al. calculated the adjusted odds ratio (OR) for various combinations of risk factors by using data prospectively collected from about 2000 ERCPs: the highest risk of PEP (42 %) was found for female patients with a normal serum bilirubin, suspected SOD, and difficult biliary cannulation [11] . The actual incidence and severity of PEP in high-risk conditions is estimated using data from control arms of RCTs in which the effectiveness of prophylactic pancreatic stent placement was evaluated (patients were selected for inclusion based on the presence of SOD, a common bile duct diameter < 10 mm, precutting, difficult cannulation, sphincter of Oddi manometry, ampullectomy, and also simple endoscopic sphincterotomy) [15, 17 -19] . Meta-analysis of the control arms of four such trials found a PEP incidence of 24.1 %; 84.4 % of cases were mild/moderate and 15.6 % were severe [20] . " There is no evidence that hospital ERCP volume has an influence on the incidence of PEP; data about a potential relationship between PEP incidence and endoscopist case volume are conflicting. Low annual case volumes, of endoscopists and centers, are associated with higher ERCP failure rates (Evidence level 2+). Factors that may affect the outcome of ERCP that are specifically related to hospital procedure volume include availability of equipment and adequacy of anesthesia, endoscopic and radiologic support, and nursing assistance. The number of ERCPs performed in many centers is not as high as commonly believed: in three large (regional or national) studies, the median annual number of ERCPs was between 49 and 235 [21 -23] . In one large study, the median annual number of ERCPs per endoscopist was terotomies/year [24] . Case mix is likely to be different in low-volume vs. high-volume centers and might impact the reported PEP incidence rates: for instance, the prevalence of suspected SOD was 11.7 % in studies included in a meta-analysis by Masci et al. [10] , but was only 1.5 % in a large audit representative of ERCP practice in England, and 2.2 % in a study from eight US community hospitals [14, 25] . Thus centers with a specific interest in reporting data about risk factors for PEP appear to have a higher percentage of patients with suspected SOD reflecting a referral bias for high-risk patients in these centers. Multivariate analyses from two prospective audits performed in England and Italy (66 and 9 centers, respectively) found there was no significant association between annual hospital volume of ERCPs and incidence of PEP [12, 14] . Nevertheless, the Italian study found that overall complications and cholangitis were more frequent in low-volume vs. high-volume centers [12] . A large US study (> 2500 hospitals) analyzed the relationship between hospital procedure volume and ERCP outcome [22] . Complication rates could not be assessed due to limitations of the database used. Higher hospital ERCP volume was associated with a lower incidence of failed procedures though not with in-hospital mortality or PEP. Endoscopist ERCP volume may refer to either lifetime volume or annual number of ERCPs performed; annual volume has been the parameter most thoroughly studied. In two prospective multicenter studies by Freeman et al. [2, 11] , no relationship between incidence of PEP and endoscopist case volume was seen using multivariate analysis. PEP was significantly more frequent in the hands of endoscopists with high case volume, but the association became nonsignificant after adjusting for other risk factors at multivariate analysis [11] . The success rate for bile duct cannulation was higher for endoscopists performing an average of more than two ERCPs/week [11] . In another prospective study [26] , the most significant risk factor for PEP following endoscopic sphincterotomy was performance by endoscopists who performed a low number (fewer than 40) of sphincterotomies per year. However, this was a single-center study that did not evaluate known risk factors for PEP.
Prediction of PEP
" Serum amylase values less than 1.5 times the upper limit of normal (ULN), obtained at 2 -4 hours post-ERCP, almost exclude PEP; values more than 3 or 5 times the ULN at 4 -6 hours post-ERCP have increasing positive predictive values for PEP (Evidence level 2+). It is recommended that serum amylase be determined in patients to be discharged on the day of ERCP; patients with amylase values less than 1.5 times ULN can be discharged without concern about risk of PEP (Recommendation grade B). In a study that involved 231 patients, the 2-hour serum amylase level was more accurate than clinical assessment in distinguishing PEP from other causes of abdominal pain: serum amylase levels less than 276 IU/L or more than 6 times the ULN at 2 hours post-ERCP ruled out or predicted PEP, respectively, in almost 100 % of cases [27] . In another prospective study that involved 1185 ERCPs, serum amylase values obtained 6 hours post-ERCP that were less than 3.0 times the ULN were never associated with PEP and values more than 5.0 times the ULN were associated with PEP in 90 % of cases [28] . A similar predictive value for PEP of serum amylase increase to more than 5.0 times ULN 6 hours post-ERCP was reported recently by Kapetanos et al. [29] . A study from Australia emphasized the value of a normal or only slightly elevated serum amylase at 4 hours post-ERCP for ruling out PEP: amylase values less than 1.5 times ULN had a negative predictive value of 100 % and could be used as a reliable criterion to discharge patients; serum amylase values more than 3.0 times ULN had a positive predictive value of 36.8 % and were used as a cutoff value for hospital admission [30] . If the amylase value is between
is estimated that recruitment of a total of 2300 patients would be needed (with a randomization ratio 1 : 1) to provide sufficient statistical power to detect a risk reduction from 4 % to 2 %. Conversely, if high-risk patients were included in an RCT, it is estimated that recruitment of a total of 400 patients would be needed (with a randomization ratio 1 : 1) to provide sufficient statistical power to detect a risk reduction from 20 % to 10 %. There are no published trials with sufficient sample sizes based upon these rates of PEP.
Drugs with proven efficacy
Nonsteroidal anti-inflammatory drugs (NSAIDs) " NSAIDs reduce the incidence of PEP; effective PEP prophylaxis has only been demonstrated using 100 mg of diclofenac or indomethacin administered rectally (Evidence level 1++). Routine rectal administration of 100 mg of diclofenac or indomethacin immediately before or after ERCP is recommended (Recommendation grade A). Three different meta-analyses have been published using data obtained from four prospective, randomized, placebo-controlled studies which compared rectally administered diclofenac or indomethacin at a dose of 100 mg vs. placebo [32 -34] . No statistical heterogeneity was detected across the studies. Two RCTs evaluated the effect of rectal administration of 100 mg diclofenac immediately after the procedure, while the other two evaluated rectal administration of 100 mg indomethacin immediately before the procedure. Both studies showed similar results. Patients who were considered to be at high risk for PEP were included in two studies. Overall, PEP occurred in 20/456 (4.4 %) patients in the treatment groups vs. 57/456 (12.5 %) patients in the placebo groups with an estimated pooled relative risk (RR) of 0.36 (95 % CI, 0.22 -0.60), and the number needed to treat (NNT) to prevent one episode of PEP was 15. The administration of NSAIDs was associated with a similar decrease in the incidence of PEP regardless of risk [34] . No adverse events attributable to NSAIDs were reported.
Possibly effective drugs Glyceryl trinitrate (nitroglycerin)
" Nitroglycerin reduces the incidence of PEP; however, when administered transdermally, it is ineffective (Evidence grade 1++).
Side effects such as transient hypotension and headache may occur. We do not recommend the routine use of nitroglycerin for prophylaxis of PEP (Recommendation grade A). The influence of nitroglycerin on the incidence of PEP was evaluated in two meta-analyses that pooled data from five RCTs involving 1662 patients [35, 36] . The studies were homogeneous and both meta-analyses showed an overall significant reduction of PEP with a RR of 0.61 (95 %CI, 0.44 -0.86) and NNT of 26. In the majority of patients nitroglycerin was administered transdermally. When a subanalysis was restricted to these patients, transdermal nitroglycerin failed to show a significant reduction in PEP (RR 0.66; 95 %CI, 0.43 -1.01) The use of nitroglycerin was associated with a significant risk of transient hypotension and headache.
Ceftazidime
" Ceftazidime reduced the incidence of PEP in a single study (Evidence grade 1-). Further data are needed before recommending ceftazidime for the prophylaxis of PEP (Recommendation grade C). In the only study using ceftazidime for prophylaxis of PEP, the administration of this antibiotic (2 g intravenously 30 minutes prior to ERCP) resulted in a significant reduction in the incidence of PEP compared with controls (15/160 [9.4 %] vs. 4/155 [2.6 %], P = 0.009) [37] . This study was of low methodological quality owing to unclear allocation concealment (the control group received "no antibiotics" in place of placebo).
Somatostatin
" Based on an ad hoc meta-analysis of results from ten highquality RCTs, somatostatin proved to be ineffective in preventing PEP (Evidence level 1++). We do not recommend universal administration of prophylactic somatostatin in average-risk patients undergoing ERCP (Recommendation grade A). Administration of somatostatin might be more efficacious using specific dose schedules, but caution is needed when interpreting the results of subgroup analyses as they often exaggerate differences between treatments in RCTs. The prophylactic use of somatostatin for prevention of PEP has been studied. In an ad hoc meta-analysis of 10 high-quality (Jadad score > 3) trials [4, 38 -46] , the incidence of PEP was 5.1 % (79/1542) in the somatostatin group compared with 7.6 % (115/ 1507) in the placebo group. No single trial had a sufficient sample size, and data were highly heterogeneous across the studies (I 2 , 67.97; P < 0.001). Overall, the use of somatostatin did not result in a reduction of PEP with an odds ratio (OR) of 0.57 (95 %CI, 0.32 -1.03). An interesting observation was that when the baseline incidence of PEP among controls was higher than 10 % a benefit of somatostatin was seen, but when the baseline incidence was approximately 5 % no benefit was seen. When trials with an incidence of PEP greater than 10 % in the placebo group were excluded from analysis [38 -40] , the incidence of PEP in the placebo group dropped to 6.7 % (88/1322), whereas it was 4.9 % (57/1364) in the somatostatin group. Administration of somatostatin as a single bolus injection was evaluated in two small-sized studies; data proved statistically homogeneous and pooling their effects yielded a significant protection of PEP, with a 9.9 % PEP incidence in controls (20/202) vs.
2.0 % in drug-treated patients (4/198) (OR, 0.19; 95 %CI, 0.06 -0.63) [40, 42] . The NNT was 13. The infusion of somatostatin for longer than 12 hours for PEP prophylaxis was explored in four RCTs: the pooled estimate showed that there was a significant reduction in PEP incidence from 7.4 % in controls (48/648) to 3.2 % (20/632) in the active drug group; the OR was significant at 0.42 (95 %CI, 0.22 -0.83) although data were heterogeneous (I 2 , 55.98; P < 0.01). The NNT was 24. With a shorter duration of infusion (less than 6 hours), somatostatin prophylaxis was ineffective.
Octreotide " Octreotide administration did not affect the overall incidence of PEP when data from eight high-quality trials were pooled (Evidence level 1++). Prophylaxis with octreotide is not recommended (Recommendation grade A). In future studies the efficacy of prophylactic administration of octreotide should be evaluated using a dose greater than or equal to 0.5 mg. An ad hoc meta-analysis was performed by pooling the data from eight high-quality RCTs (Jadad score ≥ 3). The incidence of PEP was 8.3 % (78/945) in the placebo group vs. 6.0 % (56/933) in the active drug group [47 -54] . Data from original studies were heterogeneous (I 2 , 52.39; P = 0.04) and the corresponding OR (0.73; 95 %CI, 0.41 -1.30) was nonsignificant. A subanalysis of administration of octreotide either before ERCP or before and after ERCP showed that neither schedule was effective. The effect of the drug seemed to be dose-related as octreotide was ineffective at a dosage of less than 0.5 mg, but beneficial at higher doses: PEP incidence was 3.7 % (26/706) in patients who received more than 0.5 mg of octreotide, and 7.5 % (53/710) in control patients. Data were homogeneous across the trials, and the corresponding OR was significant (0.48; 95 %CI, 0.29 -0.79) with an NNT of 26.
Antiprotease drugs " Prophylaxis with gabexate or ulinastatin does not reduce the incidence of PEP (Evidence 1++). Neither drug is recommended for prophylaxis of PEP (Recommendation grade A). The benefit of gabexate for prevention of PEP has been evaluated in six high-quality RCTs [38, 39, 41, 55 -57] . The incidence of PEP was 6.3 % (83/1318) in controls vs. 4.5 % (68/1509) in patients receiving the active drug. Data across individual trials were highly heterogeneous (I 2 , 64.09; P = 0.016) and the pooled effect did not show a significant difference (OR, 0.65; 95 %CI, 0.36 -1.185). The schedule of gabexate administration did not influence the outcome as neither a short duration of drug infusion (less than 6 hours) nor a long one (more than 12 hours) were beneficial. Ulinastatin as an agent to prevent PEP was studied in four RCTs. In two studies it was compared with placebo and in two it was compared with gabexate. The results of these studies are contradictory [58 -61] . In one RCT that included 406 patients [59] , the incidence of PEP was significantly lower with ulinastatin (150 000 U administered prior to ERCP) compared with placebo (2.9 % vs. 7.4 %, P = 0.041). However, this benefit was not confirmed in another RCT in which 227 patients were randomly allocated to receive either ulinastatin (100 000 U) or placebo immediately after ERCP (PEP incidence 6.7 % and 5.6 %, respectively; P > 0.05) [61] . Two Japanese clinical trials compared gabexate with ulinastatin administered before and after ERCP, and the rates of PEP were not significantly different (4.3 % vs. 7.5 % in one trial and 2.9 % vs. 2.9 % in the other) [58, 60] .
Drugs proven ineffective (• " Table 2)
" There is no evidence that glucocorticoids, drugs reducing sphincter of Oddi pressure (other than nitroglycerin), antioxidants, heparin, interleukin-10, or some anti-inflammatory drugs (other than diclofenac and indomethacin) such as pentoxifylline, semapimod, and the recombinant platelet-activating factor acetylhydrolase, reduce the incidence of PEP (Evidence levels from 1-to 1++). None of these drugs is recommended for PEP prophylaxis (Recommendation grade A).
Glucocorticoids
The efficacy of glucocorticoids for PEP prophylaxis has been evaluated in two meta-analyses including six RCTs [62, 63] . The incidence of PEP was not significantly different and was 11.8 % (144/ 1221) in the corticosteroid group vs. 10.6 % (130/1227) in the control group.
Drugs reducing sphincter of Oddi pressure (other than nitroglycerin)
Botulinum toxin [64] , epinephrine [65] , lidocaine [66] , and nifedipine [67, 68] , were tested as prophylactic agents for PEP, based on the their potential effect of reducing sphincter of Oddi pressure. The corresponding RCTs failed to show efficacy of these drugs [64 -68] .
Antioxidant drugs
Three antioxidant agents have been tested for PEP prophylaxis in seven RCTs, including allopurinol, N-acetylcysteine, and natural beta-carotene. Three meta-analyses of four RCTs that involved 1730 patients proved that allopurinol was ineffective for PEP prophylaxis (RR, 0.86; 95 %CI, 0.42 -1.77) [69 -71] . The benefit of Nacetylcysteine for preventing PEP has been evaluated in two RCTs: the pooled incidence of PEP was similar in the active drug and control groups (10.6 % vs. 10.2 %, respectively) [72, 73] . The effect of natural beta-carotene in the prevention of PEP was evaluated in a single study that enrolled a total of 321 patients: betacarotene was not found to be effective for prevention of PEP [74] .
Heparin
The potential of subcutaneous heparin as a prophylactic agent for PEP has been evaluated in two RCTs that included 564 patients [75, 76] . Both studies lacked sufficient statistical power due to inadequate sample size. Single-study and pooled data disproved the benefit of this drug. Of note, heparin at selected timings and doses in these studies did not appear to increase the risk of postsphincterotomy bleeding compared with placebo.
Interleukin-10
In three RCTs involving a total of 649 patients, the efficacy of recombinant human interleukin-10 as an agent for PEP prophylaxis was studied [77 -79] . In the initial study [77] , a single intravenous injection of interleukin-10 at two different doses (4 or 20 µg/kg) administered 30 minutes prior to therapeutic ERCP significantly decreased the incidence and severity of PEP (from 24.4 % in the placebo arm to 10.4 % and 6.8 % in patients receiving either low-dose or high-dose interleukin-10). In this study, the incidence of PEP in the placebo group was higher than expected for patients at average risk. Two subsequent trials did not confirm a benefit [78, 80] .
Other pharmacologic agents
Three different anti-inflammatory drugs (pentoxifylline, semapimod and recombinant platelet-activating factor acetylhydrolase) tested in RCTs have not been found to reduce PEP [81 -83] .
ERCP technique
!
General considerations
" There is no evidence that the incidence of PEP is influenced by patient position during ERCP (Evidence level 2++). Therefore, no recommendation is made regarding patient position. Two RCTs, involving 154 patients in total, compared the supine and prone positions during ERCP [84, 85] . Overall, the incidence of PEP was 2.6 %, without significant difference between groups. " Trauma resulting from repeated attempts at biliary cannulation has been proven to be a risk factor for the development of PEP PEP, post-ERCP pancreatitis; RCT, randomized controlled trial * Interleukin-10 administered at a dosage of 4 -8 µg/kg † Interleukin-10 administered at a dosage of 20 µg/kg ‡ Pentoxifylline, semapimod, and recombinant platelet-activating factor acetylhydrolase § Recombinant platelet-activating factor acetylhydrolase: 5 mg/kg (Evidence level 2++). The number of cannulation attempts should be minimized (Recommendation grade B) . The risk of PEP is higher after multiple attempts at duct cannulation [2, 14, 86] . " Injection of contrast medium into the pancreatic duct is an independent predictor of PEP (Evidence level 1+). If pancreatic duct injection occurs incidentally or is required, the number of injections and volume of contrast medium injected into the pancreatic duct should be kept as low as possible (Recommendation grade B). In a large meta-analysis, pancreatic duct injection was found to be an independent predictor of PEP (RR, 2.2; 95 %CI, 1.60 -3.01; P < 0.001) [10] . In a retrospective study that included more than 14 000 ERCP procedures the extent of pancreatic duct injection (head only vs. head and body vs. injection to the tail) was independently associated with PEP [87] , but this was not an independent risk factor in a prospective investigation [86] . " Compared with traditional, high-osmolality contrast agents, low-osmolality contrast agents are costlier but are not associated with reduction in the rates of PEP (Evidence level 1-).
The routine use of these agents for ERCP is not recommended (Recommendation grade B). A meta-analysis of 13 RCTs that involved 3381 patients found no significant difference in PEP rates between high-osmolality and low-osmolality contrast agents [88] . The meta-analysis had some limitations, including inconsistencies between definitions of PEP among studies and lack of risk stratification. " Use of carbon dioxide (CO2) as a replacement for air for luminal insufflation during ERCP does not influence the incidence of PEP but decreases the incidence and severity of post-procedural abdominal pain (Evidence level 1+). Carbon dioxide is recommended for insufflation, and might be particularly useful for outpatient ERCPs, to reduce post-procedural abdominal pain and to avoid confusion with PEP (Recommendation grade B). Clearance of gases from the bowel following endoscopy is faster when carbon dioxide replaces nitrogen and oxygen, the two main components of air, by estimated factors of 160 and 12, respectively. This is mainly due to the higher solubility of carbon dioxide in water compared with other gases. Three RCTs, involving 282 patients in total, have been published in which insufflation of air was compared with carbon dioxide for luminal distension during ERCP [8, 89, 90] . The incidence and severity of postprocedural pain was significantly lower with carbon dioxide up to 2 hours after ERCP. This may help avoid the clinical interpretation of post-procedural abdominal pain as being PEP. " For deep biliary cannulation, the wire-guided technique reduces the risk of PEP and increases the success rate of primary cannulation when compared with the standard contrast-assisted method (Evidence level 1++). The wire-guided technique is recommended for deep biliary cannulation (Recommendation grade A). The wire-guided biliary cannulation technique entails passage of a 0.035-inch diameter guide wire inserted through a catheter (most often a hydrophilic guide wire inserted into a sphincterotome). Cannulation can be achieved either by pushing the wire directly into the papilla or by inserting the sphincterotome into the papilla and then advancing the guide wire. Four meta-analyses have analyzed the RCTs in which the safety and efficacy of wire-guided vs. standard contrast-assisted cannulation of the common bile duct were compared and showed similar results [91 -94] . Two of these meta-analyses are fully published; they included 1762 patients from five of the RCTs [91] , and 2128 patients from seven of the RCTs [94] . As two RCTs presented a crossover design that did not allow cases of PEP to be ascribed to a single technique, the analyses were restricted to non-crossover RCTs (thus three and five in number, respectively) [91, 94] . The ORs for prevention of PEP were lower in the wire-guided cannulation group compared with the standard contrast-assisted cannulation group for both meta-analyses (0.23 [ [91, 94] . Both meta-analyses showed that the wire-guided cannulation technique had the additional advantage of providing a significantly higher rate of primary cannulation. " The incidence of post-sphincterotomy pancreatitis is not influenced by the type of electrosurgical current used (whether purecut or blended) (Evidence level 1+). Blended current is recommended for biliary sphincterotomy, particularly in patients at high risk of bleeding (Recommendation grade A). As pure-cut current produces less edema than blended current [95] , it was hypothesized that its use might reduce the incidence of PEP after biliary sphincterotomy. A meta-analysis of four RCTs that included 804 patients found no significant difference in the incidence of PEP between pure and blended current [90] . However, the incidence of bleeding was significantly higher when pure-cut current was used.
Effect of difficult biliary cannulation
The definition of difficult biliary cannulation varies and includes failure of deep cannulation of the desired duct after 10 -15 attempts or after 10 minutes, as well as 5 unintentional cannulations of the undesired duct. In such events, commonly used options include persistent attempts at cannulation using standard accessories, the use of the guide wire-assisted cannulation technique, performance of precut sphincterotomy, and patient referral.
Pancreatic guide wire-assisted technique
" Data about the usefulness and safety of pancreatic guide wire placement to facilitate biliary cannulation in difficult cases are conflicting. Prophylactic pancreatic stent placement decreases the incidence of PEP with this technique (Evidence level 2+). Pancreatic guide wire assistance may facilitate biliary cannulation mostly in the case of inadvertent but repeated cannulation of the pancreatic duct; if this method is used, a pancreatic stent should be placed for prophylaxis (Recommendation grade B). In the pancreatic guide wire-assisted technique, a guide wire is inserted in the main pancreatic duct to facilitate biliary cannulation by straightening the papillary anatomy and to prevent repeated cannulation of the pancreatic duct. This technique has been used in selected cases (i. e., patients with unintentional pancreatic cannulation in whom pancreatic guide wire placement is relatively easy) [96] . Two RCTs have compared this technique with persistence in standard cannulation, with divergent results [96, 97] . In the first RCT no cases of PEP occurred in either group. In the more recent RCT, the incidence of PEP was higher with the pancreatic guide wire-assisted technique (17 %) than with the standard cannulation technique (8 %) but the difference was not statistically significant. Ito et al. randomly allocated 69 patients to receive either a 5-Fr pancreatic stent or no pancreatic stent after pancreatic guide wire placement for biliary cannulation: the incidence of PEP was lower in the stent group vs. the no-stent group (2.9 % vs. 23 %, respectively; RR, 0.13; 95 %CI, 0.02 -0.97) [98] . Since prophylactic pancreatic stent placement may be particularly easy when the pancreatic guide wire-assisted technique is used (because the guide wire is already in place), stent placement is strongly recommended [99] . In six series comprising more than 20 patients with difficult biliary cannulation per study (totaling 408 patients), the pancreatic guide wire-assisted technique allowed successful biliary cannulation in 73 % of cases [96, 97, 100 -103] . Some authors suggest that in cases of failed biliary cannulation with the pancreatic guide wire-assisted technique, a plastic pancreatic stent should be inserted followed by precut sphincterotomy [102] .
Precut biliary sphincterotomy
" Various techniques of precut biliary sphincterotomy have been described; the fistulotomy technique may present a lower incidence of PEP than standard needle-knife sphincterotomy but further RCTs are required to determine which technique is safer and more effective, based upon the papillary anatomy. There is no evidence that the success and complication rates of biliary precut are affected by the level of endoscopist experience in this technique but published data only report on the experience of one endoscopist (Evidence level 2-). Prolonged cannulation attempts using standard techniques may impart a risk for PEP greater than the precut sphincterotomy itself (Evidence level 2+). Precut sphincterotomy should be performed by endoscopists with expertise in standard cannulation techniques (Recommendation grade D). The decision to perform precut biliary sphincterotomy, the timing, and the technique, are based on anatomic findings, endoscopist preference, and procedural indication (Recommendation grade C). Compared with biliary cannulation using standard techniques, the use of precut sphincterotomy increases the success rate of selective biliary cannulation but also the incidence of PEP [2, 10, 13, 104, 105] . However, it remains unclear whether the added risk of the precut technique is related to the precut itself or to the prolonged effort at cannulation that often precedes it. The incidence of complications following precut was reported by three endoscopists at different stages of their experience: in all studies, the incidence of PEP remained stable with increasing endoscopic experience [106 -108] . The overall incidence of complications was higher at the beginning of the experience in one of these studies, but most complications consisted of minor bleeding requiring neither blood transfusion nor need for repeat endoscopy [106] . Final success rate of biliary cannulation was also similar at various experience levels [106 -108] . Four RCTs have tested the hypothesis that the high incidence of PEP reported with precut was related to the prolonged period of cannulation attempts that precede precut rather than to the technique itself [104, 109 -111] . Patients were randomly allocated to early precut or otherwise to precut only after prolonged cannulation attempts using standard techniques as the initial technique for biliary cannulation (one RCT) or to precut only after failed attempts using standard techniques for 5 -12 minutes (three RCTs). Aside from the definition of early precut, differences between studies included the technique of precut and the randomization ratio (from 1 : 1 to 1 : 3). All procedures were performed by endoscopists experienced in precut techniques. The overall incidence of PEP was lower in patients randomly allocated to early precut than to persistence using standard techniques (2. 
Specific therapeutic techniques
Balloon dilation of the biliary sphincter (balloon sphincteroplasty) " Compared with endoscopic sphincterotomy, endoscopic papillary balloon dilation (EPBD) using small-caliber balloons (≤ 10 mm) is associated with a significantly higher incidence of PEP and significantly less bleeding (Evidence level 1++). EPBD is not recommended as an alternative to sphincterotomy in routine ERCP but may be useful in patients with coagulopathy and altered anatomy (e. g. Billroth II) (Recommendation grade A). If balloon dilation is performed in young patients, the placement of a prophylactic pancreatic stent should be strongly considered (Evidence level 4, Recommendation grade D). The use of EPBD may be advantageous compared with endoscopic sphincterotomy by decreasing clinically significant bleeding in patients with coagulopathy, for preserving sphincter of Oddi function in younger patients [112] , and in removing bile duct stones in patients with altered anatomy (Billroth II) where sphincterotomy is technically difficult. In two meta-analyses, the use of EPBD resulted in a lower success rate than endoscopic sphincterotomy for the initial removal of biliary stones, with a significantly higher incidence of PEP and significantly lower incidence of bleeding [113, 114] . Concerns were raised about the risk of severe life-threatening PEP in young patients after EPBD, based upon the results of a multicenter US RCT in which significantly higher rates of severe morbidity (P = 0.004), including severe PEP (P = 0.01), were seen following sphincteroplasty compared with endoscopic sphincterotomy [115] . However, this study was performed before the use of pancreatic stents for PEP prophylaxis. Therefore, placement of a prophylactic pancreatic stent should be strongly considered in patients undergoing EPBD, especially younger patients. " Potential advantages of performing large-balloon dilation in addition to endoscopic sphincterotomy for extraction of difficult biliary stones remain unclear (Evidence level 3). Endoscopic sphincterotomy plus large-balloon dilation does not seem to increase the risk of PEP and can avoid the need for mechanical lithotripsy in selected patients, but not enough data are available to recommend routine use over biliary sphincterotomy alone in conjunction with lithotripsy techniques (Recommendation grade D). Several case series have reported results of using a modified technique to remove large or difficult common bile duct stones that consists of endoscopic sphincterotomy followed by dilation using a large-diameter (12 -20 mm) balloon [116 -120] . Most of these case series included patients in whom extraction of biliary stones using standard basket/balloon techniques had failed. Following sphincterotomy and large-balloon dilation, the success rates for stone extraction without the need for mechanical lithotripsy were high. The incidence of PEP did not seem excessive compared with that reported in patients undergoing endoscopic sphincterotomy alone, perhaps because the force of the balloon is exerted in the direction of the biliary sphincterotomy and away from the pancreatic duct orifice. However, the only RCT reported to date that compared endoscopic sphincterotomy alone vs. endoscopic sphincterotomy combined with large balloon dilation found no differences in rates of successful stone clearance, need for mechanical lithotripsy, and complication [121] . Large-balloon dilation in combination with endoscopic sphincterotomy may be useful in patients with a tapered distal bile duct or in altered anatomy (e. g. Billroth II) that limits the extent of biliary sphincterotomy.
Sphincter of Oddi manometry
" In patients undergoing pancreatic sphincter of Oddi manometry, use of the standard perfusion catheter without an aspiration port has been shown to increase the risk of PEP compared with modified water perfusion catheters (Evidence level 2++).
Pancreatic sphincter of Oddi manometry should be done using a modified triple-lumen perfusion catheter with simultaneous aspiration or a microtransducer catheter (non-water-perfused) (Recommendation grade B). To reduce the risk of possible perfusion-related hydrostatic pancreatic injury, modified perfusion catheters have been developed. These include a modified triple-lumen catheter that allows aspiration of the perfused fluid from the pancreas, a sleeve assembly in which the fluid is reverse-perfused so that perfusate enters the duodenum rather than the pancreatic duct, and a microtransducer catheter that uses solid-state technology [122 -125] . Excellent correlation of manometry results has been demonstrated between the standard perfusion catheter and the microtransducer catheter as well as the sleeve assembly device [122, 126] . Three RCTs comparing incidence of PEP after using the standard perfusion catheter vs. other catheters have been performed; two of these have found a significantly lower incidence of PEP with the alternative catheter compared with the standard perfusion catheter (3.0 % vs. 23.5 %, P = 0.01; 3.1 % vs. 13.8 %, P < 0.05), and in the third RCT no episodes of PEP occurred [125, 127, 128] .
8. Role of pancreatic stent placement for PEP prophylaxis ! " Prophylactic pancreatic stent placement is recommended to prevent PEP in patients who are at high risk for development of PEP. Short, 5-Fr diameter, plastic pancreatic stents are currently recommended. Passage of the stent from the pancreatic duct should be evaluated within 5 to 10 days of placement and retained stents should be promptly removed endoscopically (Evidence level 1+; Recommendation grade A). Two independent meta-analyses on the use of pancreatic stent placement for PEP prophylaxis in patients at high risk for PEP have demonstrated that stent placement significantly reduced the incidence of PEP [20, 129] . The most recent meta-analysis was the most robust because, in addition to the analysis of six prospective controlled studies, it provided separate analysis of the four available RCTs and used intention-to-treat principles (by assuming that patients in whom attempted prophylactic pancreatic stent placement failed actually developed PEP if the clinical outcome was not stated in the original study) [20, 129] . Using this approach, the OR for PEP was 0.44 in the stent group vs. the no-stent group (95 %CI, 0.24 -0.81; P = 0.009), with an absolute risk reduction of 12.0 % (95 %CI, 3.0 -21.0). A large multicenter RCT (201 patients) was subsequently published and showed a decreased incidence of PEP when prophylactic pancreatic stent placement was performed, regardless of the presence or absence of risk factors for PEP (PEP incidence in the stent and no-stent groups was 3.2 % vs. 13.6 %, respectively; P = 0.019) [130] . What is also clear from these studies is that the risk of severe pancreatitis is nearly eliminated following successful placement of a prophylactic pancreatic stent. Different types of plastic stents have been used. Although nasopancreatic catheters were used in early studies, more recent studies have mostly used 3-Fr and 5-Fr diameter pancreatic stents. In two recent RCTs that compared 5-Fr with 3-Fr stents, 5-Fr stents proved equivalent to 3-Fr stents in most outcomes, but successful insertion of 5-Fr stents was achieved significantly more often [131, 132] . Straight polyethylene stents measuring 5 Fr in diameter and 2 or 3 cm in length without internal flanges and with one or two external flanges (on the duodenal side) are often used. Using this type of stent, spontaneous elimination at 2 weeks post-ERCP occurred in more than 95 % of 200 patients [130, 131] . In the absence of spontaneous migration out of the pancreatic duct at 5-10 days post-ERCP (as determined by plain abdominal X-ray), prompt endoscopic stent removal is recommended because of the increased risk of PEP (RR, 5.2 in patients without vs. with spontaneous stent elimination at 2 weeks) and potential for stent-induced damage to the pancreatic duct [131, 133] . Prophylactic pancreatic stent placement is cost-effective in patients at high risk for PEP, but not in those at average risk [134] . Caution should be used when attempting prophylactic pancreatic stent placement because the incidence of PEP after failed attempts may be as high as 65 % [135] . Therefore prophylactic pancreatic stent placement in high-risk patients is cost-effective only if the success rate of pancreatic stent placement is more than 75 %. Surveys of physician practices have shown that expert pancreaticobiliary endoscopists from the US and Canada commonly place prophylactic pancreatic stents, but most European endoscopists do not [136, 137] . Findings from the currently most recent survey showed that: (i) endoscopists who did not place prophylactic pancreatic stents cited lack of experience in this technique as the reason; and (ii) measurement of PEP incidence and an annual hospital volume of more than 500 ERCPs were independently associated with the use of prophylactic pancreatic stent placement [137] .
9. Selection of measures for PEP prophylaxis ! " For low-risk ERCPs, periprocedural rectal administration of nonsteroidal anti-inflammatory drugs (NSAIDs) is recommended. For high-risk ERCPs, prophylactic pancreatic stent placement should be strongly considered (Evidence level 1+; Recommendation grade A). In the setting of ERCP the following conditions are considered to represent high risk for PEP: endoscopic ampullectomy (papillectomy), known or suspected SOD, pancreatic sphincterotomy, precut biliary sphincterotomy, pancreatic guide wire-assisted biliary cannulation, endoscopic balloon sphincteroplasty, and presence of more than two of the risk factors listed in • " Table 1 . Procedures and patient conditions that do not fulfill these criteria are considered to represent low risk for PEP.
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